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Uplift Behavior of Purlin Systems Having Discrete Braces 
By R,A. LaBoube 1 and M. Golovin 2 
ABSTRACT 
The load carrying capacity of a light steel roof system subjected to a wind 
uplift loading is a very complex phenomenon. Based on available data 
obtained from full-scale tests, a simplified design approach has been 
developed, and was adopted by the AISI Specification. This design approach 
is only applicable to purlin systems in which no intermediate bracing is 
provided to the compression flange. Based on additional tests and study, a 
modification has been developed for the AISI procedure to reflect the 
enhanced load carrying strength of a purlin roof system that has additional 
discrete bracing to the compression flange. 
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Metal Buildings represent a significant percentage of the low-rise 
industrial and commercial buildings constructed in the United States today. 
The Metal Building Manufacturers Association (MBMA), through funded research 
at several universities, has played a key role in the development of design 
guidelines for the structural elements used in low-rise structures. 
Since the mid-seventies, a topic of much concern for the design community 
has been the load capacity of light steel roof systems subject to wind 
uplift. A light steel room system is typically composed of a roof panel, 
rolled from 24 gage or 26 gage sheet steel, attached by through fasteners to 
a structural member. The structural member, or purlin, is rolled from sheet 
steel, 0.055 in. to 0.12 in. (1.4 mm to 3 mm) thick, having either a C or Z 
shape cross section; the purlin span typically ranges from 20 ft to 30 ft (6 
m to 9 m). 
This paper summarizes the significant research that has contributed to 
the development of a design approach for evaluating the load capacity of a 
light steel roof system subjected to wind uplift. This research has served 
as the basis for the design guidelines that have been adopted by the 
Specification For The Design of Cold-Formed Steel Structural Members (AISI 
1986). 
PREVIOUS RESEARCH 
To provide design guidance, MBMA in concert with AISI, initiated research 
at Cornell University. This research produced an analytical approach for 
calculating the maximum stress in a purlin roof system subjected to wind 
uplift (Pekoz 1981). The Cornell approach incorporated the general flexure 
and twisting behavior exhibited by a purlin system during full-scale tests. 
It is a general approach that addressed the capacity for unbraced and braced 
purl ins, simple or continuous spans, C or Z cross sections, and variation in 
panel stiffness. 
Based on tests of simple span members having laterally unbraced 
compression flanges, the Cornell analytical approach was deemed to provide an 
acceptable solution for the capacity of a complex structural system (Pekoz 
1982). 
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Work by LaBoube and Thompson (1982) revealed two major facts regarding 
the behavior of a purlin system when the tension flange is attached to a roof 
panel and the compression flange is braced at discrete points. First, the 
angle of the edge stiffener for the compression flange has a significant 
influence on the behavior, and capacity of the purlin. Secondly, the Cornell 
analytical approach yielded conservative estimates for the load capacity for 
both C and Z shaped purl ins. 
The experimental studies of Pekoz (1982) and LaBoube and Thompson (1982) 
addressed only the behavior of simple span purlin systems. To gain a better 
understanding of the behavior of continuous span purlin systems, MBMA 
initiated a cooperative industry study. This study consisted of a series of 
full-scale tests conducted at the CECO research facility under the guidance 
of an ad hoc industry committee and an independent consultant, Dr. J.M. 
Fisher of Computerized Structural Design. 
Results obtained from the MBMA study of roof systems having continuous 
span purl ins with laterally unbraced compression flanges (Perry et al. 1987), 
revealed that the proposed design procedure based on the Cornell approach is 
very conservative. Because the increased conservatism was not justified for 
design, an alternate design approach was suggested (LaBoube et al. 1988). 
This design approach has been accepted by the Advisory Group on the AISI 
Specification, and appears in the 1989 Addendum to the AISI specification. 
The design approach is applicable to both continuous and simple span members, 
having either C or Z geometry. 
To expand the coverage of the design specification to purlin systems with 
the tension flange attached to a roof panel, and the compression flange 
braced at discrete points, MBMA again initiated a cooperative industry 
research study. This paper summarizes the results of this study, and 
presents design guidelines based on the findings of this research. 
TEST PROGRAM 
This test program consisted of a total of seven tests; six tests were 
conducted using a simple span member, and one test used a continuous span 
member. The purpose of the test program was to augment the data given by 
LaBoube and Thompson (1982). 
Both C and Z shaped members were tested. Table 1 provides a summary of 
the purlin geometry, purlin span and bracing condition for each test 
specimen. The purlin member data, i.e., cross-section dimensions and yield 
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strength, is given in Table 2. All test specimens used industry standard 
roof panels, fastened on 12 in. (30.5 cm) centers to the purlin flange, by 
using No. 12 self-drilling screws. The panels were formed from 26 gage sheet 
steel. 
TEST SETUP 
The test setup was developed to simulate the in-place conditions of the 
purlin roof system, as well as, model the design assumption that wind uplift 
load is applied uniformly along the length of a member. A schematic of the 
test setup is provided by Fig. 1. The test specimen was constructed in a 
pressure chamber, and a simulated wind uplift load was applied to the 
specimen by pressurizing the chamber. The applied load was measured by use 
of a manometer. Both vertical and horizontal deflections were recorded for 
the test purlins having no discrete braces. Only horizontal deflections were 
measured for the discretely braced purl ins. Details of the test setup are 
given by Perry (Perry et al. 1988). 
TEST RESULTS 
Each specimen was loaded until failure was achieved in one of the 
purl ins. A summary of the ultimate applied load is given in Table 3. The 
ultimate load is the recorded pressure at failure times the tributary width 
of roof panel supported by the purl in. Depending upon the brace condition, 
i.e., unbraced, midspan brace or third point brace, the failure manifested 
itself as either local buckling of the web, flange or edge stiffener. Table 
3 also lists the observed failure condition for each test specimen. 
EVALUATION OF TEST DATA 
The intent of this research was to provide information that would enable 
broader coverage of the AISI specification (AISI 1986); specifically to 
provide design guidelines for braced purlins subject to uplift load. 
Therefore, it was necessary to review the results of the test program in a 
manner consistent with the formulation of the design provisions for unbraced 
purl ins adopted in the 1989 Addendum to Section C3.1.3 of the AISI 
specification. 
The AISI design provision, contained in the 1989 Addendum, for unbraced 
purl ins subject to wind uplift is based on applying a reduction factor to the 
yield moment of the effective cross section (My = S.Fy). The following 
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summarizes the calculation of the nominal moment capacity when the 
compression flange is unbraced and the tension flange is attached by through 
fasteners to roof panels: 
(1) 
where S. is the effective section modulus of the section based on the 
provisions of the AISI specification, and Fy is the yield point of the 
material. The reduction factor, R, is a variable based on the member type; 
0.40 for simple span C sections; 0.50 for simple span Z sections; 0.60 for 
continuous span C sections; and 0.70 for continuous span Z sections. 
The R factors were experimentally derived, and are defined as the tested 
ultimate moment capacity of the section, Mt , divided by the yield moment, 
My, i.e., R = Mt/My• For the seven specimens of this test program, R 
is summarized in Table 4. An indication of the influence of the compression 
flange braces is given by the normalized factors that are also given in Table 
4. For the simple span data, having edge stiffeners at least 75 degrees to 
the flange (Test Nos. 1 - 6), the presence of discrete point braces resulted 
in a significant increase in the load carrying capacity of the section. 
DESIGN GUIDELINES 
The following design guidelines are based on the information gleaned from 
this test program, and the data developed by LaBoube and Thompson (1982). 
Table 5 summarizes the purlin sections from LaBoube's test program. A 
summary of the R factors for all of the test specimens is given by Table 6. 
From Table 6, for test specimens having edge stiffeners inclined 45 
degrees, or less, to the compression flange (Test No. G7, L1 - L4), the 
tested R factor varies little from the AISI R values which are for an 
unbraced condition. However, for specimens having edge stiffeners inclined 
at least 75 degrees to the compression flange, significant increase in the 
tested R factor is realized, when compared to the AISI R vales for an 
un braced purlin system. 
Based upon the available data, as summarized in Tables 4 and 6, for 
braced purlin systems subjected to simulated wind uplift, the following 
design procedure is suggested: 
1. For members having an angle of 75 degrees or greater between the 
edge stiffener and the plane of the compression flange, and braces 
to the compression flange located at third points or more 
frequently, the R factor given by AISI for unbraced members may be 
increased by 30%. 
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2. For all other conditions, because insufficient data exists to 
formulate design recommendations and because of the statistical 
variation in the AISI R factors, the AISI R factors for un braced 
members should be used. 
SUMMARY 
Based on available results obtained from full-scale tests of purlin 
systems subjected to uplift loading, a simplified design approach has been 
suggested. The design approach is general in that it applies to both C- and 
Z- shaped members; simple or continuous spans; variations in cross-section 
dimensions; and unbraced or braced along the compression flange. However, 
the approach is limited to through fastened roof systems. The design 
approach is consistent with the design provisions adopted in the 1989 
Addendum to the AISI specification. 
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Table 1. - Test Program 
Test No. Section Type Brace Location Span Condition Span Length 
(ft) 
G1 Z unbraced simple 30 
G2 Z midpoint simple 30 
G3 Z thirdpoint simple 30 
G4 C unbraced simple 30 
G5 C midpoint simple 30 
G6 C thirdpoint simple 30 
G7 Z quarterpoint continuous 30 
Note: 1 ft = 0.3048 m. 
Table 2. - Specimen Characteristics 
FLANGE WIDTH LIP LENGTH LIP RADIUS (IN) 
TEST t DEPTH (in. } (i n.} ANGLE LIP FLG Fy 
NO. (in. ) (in. ) TOP BOTTOM TOP BOTTOM (DEG) FLG WEB (ksi) 
G1 .075 11.0 2.94 3.00 1.25 1.06 77 .25 .19 61.6 
G2 .075 11.0 2.94 2.94 1.31 0.875 75 .25 .19 62.5 
G3 .074 11.0 2.88 2.94 1.31 1.00 73 .25 .19 64.2 
G4 .088 11. 5 3.50 3.50 1.00 0.875 91 .25 .25 56.7 
G5 .088 11.5 3.50 3.50 1.00 0.875 89 .25 .25 56.4 
G6 .088 11.5 3.56 3.56 0.94 0.94 90 .25 .25 56.2 
G7 .068 9.5 3.00 3.13 0.94 1.00 48 0.31 0.17 55.0 
Note: 1 in. = 25.4 mm; 1 ksi = 6.89 MPa 
Table 3. - Test Results 










Note: 1 ft = 0.3048 m 
1 lb = 4.448 N 
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Failure Type 
web/flange buckle at 15.9 ft. 
edge stiff/flange buckle at 5.2 ft. 
web/flange buckle at 15 ft. 
edge stiff buckled at braces 
web/flange buckle at 15.2 ft 
edge stiff/flange buckle at 15.2 ft. 
web/flange buckle at 14.8 ft. 
edge stiff buckled at braces 
web/flange buckle at 10.3 ft. 
edge stiffener buckled at center brace 
Table 4. - Reduction Factors for Test Specimens 
Test No. R Normalized Factor Brace Location 
G1 0.70 1.0 unbraced 
G2 0.86 1.23 midpoint 
G3 0.89 1.27 thirdpoint 
G4 0.63 1.0 unbraced 
G5 0.72 1.14 midpoint 
G6 0.87 1.38 thirdpoint 
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Table 5. - Summary of Data for LaBoube and Thompson (19B2) 









































Note: All test specimens were 20 ft simple span; 1 in = 25.4 mm 
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Brace Condition Tested R AISI R Value Test R 
AISI R 
G2 75 midpoint 0.86 0.50 1.72 
G3 75 thirdpoint 0.89 0.50 1. 78 
G5 90 midpoint 0.72 0.40 1.80 
G6 90 thirdpoint 0.87 0.40 2.18 
G7 48 quarterpoint 0.77 0.70 1.10 
L1 32 thirdpoint 0.52 0.50 1.04 
L2 31 thirdpoint 0.59 0.50 1.18 
L3 32 midpoint 0.58 0.50 1.16 
L4 35 midpoint 0.55 0.50 1.10 
L5 74 midpoint 0.86 0.50 1.72 
L6 72 midpoint 0.81 0.50 1.62 
L7 74 thirdpoint 0.9J. 0.50 1.82 
L8 74 thirdpoint 0.89 0.50 1. 70 
L9 82 thirdpoint 0.60 0.40 1. 50 
L10 83 thirdpoint 0.61 0.40 1.53 
Lll 87 midpoint 0.60 0.40 1.50 
L12 85 midpoint 0.59 0.40 1.48 
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